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BACKGROUND

In situ bio-opticalglobalandcoastaimeasurementsavea critical functionin the developmenof

remote-sensinglgorithmsandstatisticalmodelsthat convertradiometricmeasurement&vater
leavingradianceor surfacereflectance}o geophysicatlataproducts(chlorophylla andothers).
The quality of theseconversionalgorithmscannotbe betterthanthat of the datasetsof ocean
propertiesusedto createthem. The applicability of thesealgorithmsto different oceanic
locations(clear oceanbasinsor turbid coastalwaters)requiresthat the in situ datasetsbe

representativef conditionsin theselocations. The continuity andconsistencyof the globaland
regionalremote-sensingatasetsarea directreflectionof the continuity andconsistencyof the

in situmeasurements used to calibrate and validate them.

All fundeddatacollectionsare critical to advanceNASA OceanBiology and Biogeochemical
research, as well as modeling efforts and advanced planning. Current challenges are as follows:

» Current submitted data are often not “complete datasets”of bio-optical and
atmospheric measurements;

» Datacollectedoften do not follow the NASA OceanOptics Protocolsfor Satellite
OceanColor SensoValidation (Mueller andFargion,2003). New measurementdo
not use agreed-upon community protocols and are not standardized,;

» Collectionsof in situ datafundedby NASA are requiredto be submittedto the
official repository, but no delivery times are specified.

The NASA OceanOpticsProtocolsfor SatelliteOceanColor Sensoalidationwereintendedio
providestandardswhich if followed carefullyanddocumentedppropriatelywould assurehat
any particularsetof opticalmeasurementsould be acceptabléor oceancolor sensowalidation
andalgorithmdevelopmentCloseadherenceo theseprotocolsis the moststraightforwardwvay
for aninvestigatorto establisha measuremerthatis uncontaminatedyy artifactsandis accurate
enoughto meetthe requirement®f satelliteoceancolor productvalidation.Furthermorethese
protocolsidentify a standardsetof measurementthat developconsistencyacrosshe variety of
satellite oceancolor missionseither launchedor scheduledor launchin the SeaWiFSand
SIMBIOS era(1997-2003) It shouldbe notedthatsomeof thein situ instrumentausedarenow
consideredto be obsolete,representingdesignsdevelopedover 15 yearsago. Today
measurementsuchas pCQO, don'thaveestablishedr agreed-upomrotocols. Many standard
measurementdo not yet haveagreed-uporprotocols(filter counts).NASA andthe research
community have recognized the need to update these protocols.

In addition,over the pastten years,synopticoceancolor researchliscoverieshaveraisednew
scientificquestionsaandresearclthallenges.FromthesescientificadvancementslASA HQ has
engagedhe researclcommunityto developcomprehensivelansfor currentandfuture spaced-
basedmissions.As a consequencef the 2005 NASA OceanColor ResearcifeamMeeting,a
group of volunteersbegandiscussionsabout what researchneededto be done within the
frameworkof the NASA OceanBiology andBiogeochemistryesearctprogramduring the next
few decadesparticularlyutilizing satelliteremotesensing. The goal of this groupwasto form
two plans:an AdvancedPlanfor Researctanda Calibration/ValidationPlan,which would be
integratedwith thefirst plan. EmergingScientific Questionsaddresseth the AdvancedPlanfor
NASA OBB Program are:



1. How areoceanecosystemand the biodiversity they supportinfluencedby climate or
environmentalariability andchangeandhow will thesechangeoccurovertime (from
“Earth’s Living Ocean”, page 11)?

2. How do carbonandotherelementdransitionbetweenoceanpoolsandpassthroughthe
Earth System,and how do thesebiogeochemicafluxes impactthe oceanand Earth’s
climate over time (from “Earth’s Living Ocean”, page 15)?

3. How (andwhy) is the diversity andgeographicatlistributionof coastalmarinehabitats
changing,and what are the implicationsfor the well being of humansociety (from
“Earth’s Living Ocean”, page 20)?

4. How do hazardsandpollutantsimpactthe hydrographyandbiology of the coastalzone?
How do they affectus, and canwe mitigatetheir effects(from “Earth’s Living Ocean”,
page 25)?

WORKSHOP SUMMARY

Theworkshopwasheldin Montreal (Canada)peforethe OceanOptics XVIII Conferencdrom
October6 (afternoon)to October7, 2006. Theworkshopagendds presentedn Tablel. There
wereatotal of 18 participantgepresentinghe US andinternationalsciencecommunitieg Table
2).

While waterleavingradianceaccuraciesrefundamentato future remotesensingobservations,
they are not enough. Classic‘oceancolor bandswere not optimizedfor spectralmatching
algorithmsand are not adequatdor fully resolvingthe multitude of uniqueoptical properties
associatedwith specific in-water constituents. Enhancedmeasurementapabilitiesare
necessarypoth in spectralrange and spectralresolution. Furthermorethere are different
scientificquestionsaandresearctthallenges.NASA would like a“new-revised”priority list of in
situ parametersacrossthe NASA OBB Program. The following importantissuesneedto be
assesseda) time framewithin which we canhopeto have"reliable” measurementgmmediate,
short-mid- long-term)for theseparameters(b) veracityof the measuremennethods—i.e.how
good are the instrumentsand protocols?—andc) what are the instrumentationoptionsand
costs?

A majority of the workshopPls suggestedhat the recommendedh situ parametershouldgo
beyonda purely calibration/validationsatellite program. The participantsdiscussedand
considered:

1. Thatremotesensingsciencerequirementsandthe relatedfield validation program
mustbelinked to therequirement®f the modelingcommunityandcanbeaugmented
to provide additional data for model parameterization.

2. The scientific questionsaddressedn the AdvancedPlanfor NASA OBB Program
(2006); and

3. Theutility of upcomingsatellite missionslike National Polar-orbitingOperational
EnvironmentalSatellite System(NPOESS)andthe OceanCarbon,Ecosystemsand
Near-Shore (OCEaNS) not-yet-approved mission.



Severalpresentationsveremadeon thefirst day of the workshop(seeagendaandpresentations
in AppendixA) afterwhich the grouphadanopendiscussion.A selectionof notesof someof
the more noteworthy material presented and discussed on the first day follows:

1) Modeling

The groupfelt thatremotesensingsciencerequirementgndtherelatedfield validationprogram
mustbe linked to requirement®f the modelingcommunityand could be augmentedo provide
additional data for model parameterization. However, different models have different
requirementsandmany,if not most,biological modelsdo not takeinto accountspecificin situ
bio-opticalmeasurement$Spatialandtemporalvariability of the observationarerequiredif the
developmentof assimilationmethodsare desired.Very little researchhas beendone on
biological dataassimilation. Physicalmodelsuse assimilationmethodsbasedon statistical
approaches.

Following, the group recognizeda disconnectbetweenwhat modelerswant and what we
produce.Dialog is neededbut it shouldbe mutually cooperative(versusa scenariowhere
modelersare dictating only the factorsthat they need).Clarification is neededaboutwhich
modelingcommunity (e.g., optical, biogeochemicalecosystemgirculation modelers)will be
interfacingwith this group. However,modelersoften desiredatasetghat simply can not be
producedand their requirementsare often unclear. Modelers often want differential
measurement§ates),co-variancesgoarsespatialscalesandconsistenprocessingasa lowest
commondenominatorthey don’t wantto seechangedueto algorithmdifferences)and,models
have reduced accuracy requirements in comparison to field validation studies.

Therefore anopenquestionis whetheror not two climatedatasetsareneededonefor modelers
and one for everyone else — that is, one for climate products and one for research studies.

It wasgenerallyagreedhatthe parametersisedin physical-modelingareapproachingnaturity
while the biological parametergbio-optics)are still in their infancy. Thereis a risk that the
matureoverpowergheinfantandworksto its detriment. However,biological parametersendto
be very sensitiveto somephysicalparametergsuchas heatflux/mixing), andthereforethey
cannot be completely ignored.

The following questions were raised:

 Whatis the goal? The ability to accuratelyforecast(operationalscenario)or to
properly understand the processes?

» Are the AdvancePlanningquestionssupportedby our scienceand the modeling
community? Are we on track to answerthesequestions?Vhich currentor future
missions support which questions?

* What are the modelers’impressionsf our time-series? Answeringthis question
helps build a foundation of support for new missions.

» Can there be give-and-take with the modeling community?

It wasgenerallyagreedthat we needto startsimple,with simplefusing of dataproducts(e.qg.,
overlay currentson color), before we move to full-blown bio-physicalmodels.The group
recommended a modeling (1 and 3D) workshop in the future.



2) Phytoplankton Functional Groups

Therewasa generaldiscussiorof a definition of PFTsandtheirimportance PFTsaregroupsof
several phytoplankton species, which have in common a specific function:

* Biogeochemistry:
- Pico-autotrophs [Chlorophytes, Prochlorococcus@ymechococcus]
- N2-fixers [Trichodesmiums and N2-fixing unicellular prokaryotes]
- Calcifiers [Coccolithophorids]
- DMS-producersPhaeocystis and small autotrophic Flagellates]
- Mixed [autotrophic Dinoflagellates and Chrysophyceae]
- Silicifiers [Diatoms]
* Primary production and export:
- pico-phyto (< 2 'm) Chlorophytes, Prochlorococcus adgnechococcus]
- hano-phyto (2-20 'm) Chromophytes, Nanoflagellates, Chryptophytes]
- micro-phyto (> 20 !m) [DiatomsDinoflagellates]

PFTshavedifferentimpactson climate (asthey are a biological pump of CO,, anda biogenic
sourceof DMS) and they have different sensitivitiesto climate change(e.g., temperature,
acidification). Knowledgeof PTFsis very importantat regionalscales(e.g., HABs, higher
trophic systems and fisheries).

Little is known aboutthe relationshipbetweenPFTsand IOPs,PFT remotesensings difficult

because(a) oceancolor dependdo the first orderon the chlorophyll concentration(b) current
operationaloceancolor sensorshave limited spectralresolutionand atmosphericcorrection
accuracy; and (ah situ datasets are too sparse at global coverage for algorithm validation.

The questionwas raisedas to whetheror not PFTs can be identified from space. Purely
empirical relationshipsare currently used, which are difficult to verify. Hyperspectral
measurementsiay be neededput subtlefeaturesmay preventidentificationevenwith perfect
spectralresolution— thatis, physicalspectramay not containsufficientinformationto separate
functional groups. Further research is needed to ascertain whether or not this is possible.

3) SIMBIOS Lessons Learned and Future Funding
From SIMBIOS we have learned thatsitu field programs must:
» accurately sample relevant measurements
* regularly review how well they can be measured
* make observations across a wide range of biological/biogeochemical provinces

* samplen situ observationsccordingto agreed-upomprotocolsandrelateobservationso
community measurement standards

e compare vicarious instrument calibration results with on-orbit methods



» drivethe precisionof thein situ measurementsndthe accuracyof the algorithmsby the
covariance of properties

* push advancedinstrumentationdevelopmentand ongoing instrumentperformance
evaluations

» supportcalibrationanddataanalysisroundrobins;andprovidethesedatato a centralized
data center

A questionwasraisedasto whetheror not the future integratednterdisciplinarymeasurements
would be done via a team collection model or by individual Pls. The SIMBIOS team
participatedn the ACE-AsiaandINDOEX interdisciplinaryexperimentsbut wasnot a major
player. SIMBIOS campaignsvere add-ons(not amongthe original proposals)andtherefore
hadlimited funding, space pbunksandship time. No workshopswere held beforeor after on
how to work-up the interdisciplinary data that was collected.

RegardingNASA the SeaWiFSBio-optical Archive and StorageSystem(SeaBASS)data
holdings(http://seabass.gsfc.nasa.gothg questionwasraisedasto whetherit is betterto have
globaldistributionswith fewer parameterspr detailedmeasurementsn localizedscales?It was
stronglyfelt that both approachesieededo be taken. However,as a first step,existingdata
neededo beanalyzedandreviewed(e.g.,temporallyandspatiallydistribution),andthenstudies
plannedto fill in the datagaps(wheredatamay be available but notincludedyetin SeaBASS).
Discussiondollowed on how to encourageand enforcedelivery. A proposalwasto provide
assistancéo investigators(e.g.,throughthe GSFCgroup)who do not haveresourceso process
and deliver data. Another proposalwas to establishworkshopsand funding to bring

investigators together to compare data (e.g., IOP data).

Datareprocessingresentshallengedor both Plsanddataarchives. It is difficult to maintain
the quality of long-termdatasetsbecausgrocessingnethodschangeovertime, andadditional
time andfunding is often neededo reprocesslatawith modernmethods.Data processings
typically a much more involved and complex task than data collection, e.g., chlorophyli
measurements$n addition,the scienceof processingnethodss still evolving. Plsmaydiscard
and update data, but communication is required to facilitate updates of data in the archive.

4) Aerosol optical properties

It was generally agreed that atmospheric aerosol optical properties are a key to the success of
atmospheric correction over the oceans. Aerosol optical parameters (measured, retrieved, and/or
modeled) are crucial for atmospheric correction procedures. Current atmospheric aerosol models
should be updated; available atmospheric aerosol optical data over the oceans (acquired through
the AErosol RObotic NETwork (AERONET) and SIMBIOS programs) should be summarized

and utilized in the atmospheric correction algorithms. New ship-based and island-based
measurements are required in order to fill the gaps for particular geographic areas and for
validation activities. AERONET information is available at http://aeronet.gsfc.nasa.gov/.



On the secondday participantsdiscussedseveraltopics, suchaswhetherto startfrom space-
basedcapabilitiesand work down, or startfrom sciencegoalsand work up. Under general
consideratiorwas what new measurementseededto be supportedin orderto exploit the
potentialof new remotesensingsystemge.g.,the hyperspectraDceanRadiometerfor Carbon
Assessmen{ORCA) instrument). In addition, is it more importantto enhanceexisting
capabilities(suchasimprovethe utility of SeaWiFS)r supportforthcomingtechnology(suchas
ORCA). The group agreedto the following approach:l) define the question;2) define the
parametersieeded3) determinepriorities; 4) determinewhat canbe measuredvith currentor

future sensors an situ programs; and 5) determine what new measurements are needed.

The four scientific questiondisted in the AdvancedPlanfor NASA OBB Programandcarbon
wasidentified asthe link amongthem.The major sciencecarbonthemesareatmosphere-ocean
CO, exchange;marine ecosystem-biogeochemicdlynamics;and oceancarboncycle and
climate. Carbon missions considered by the group were:

 MODIS, SeaWiFS
* VIIRS
* Advanced/future missions
o multi-spectral/hyperspectral LEO UV to SWIR
o hyperspectral GEO, high spatial resolution
* LIDAR (particle abundance, mixed layer)
The group discussed and identified the following straw man parameter list:

e Chlorophyll, PP,POC, PIC, DOC, carbonexport, TSM and TOM, T, S, oxygen,
PAR, PFTs(phytoandnon-algal)}- diatoms pico, cocco,tricho,dino. CDOM, pCO2
— DIC/alkalinity, beam-c particles, PSD and nutrients .

The group made the following overall recommendations:
» Collect a_cdom with all chlorophyll.
» Collect species counts with HPLC pigments.
* Collect radiometry (AOPs and IOPs) into the UV (300-800nm).
* Need full radiometric radiance distributions.
* Need volume-scattering functions.

In the afternoonthe participantdbroke-upinto threegroups:(1) AOP andIOP measurement$2)

Primary Productionand (3) characterizingstandingstocksof seawateiconstituentancluding

particle functional types. Each group discussedthe feasibility/accuracyof the in situ

measuremennethoddor eachparameterandthe time framewithin which we canhopeto have
"reliable"” measurementgmmediate short-mid- long-term)for the parameterd-derewe present,
as given, some of the more noteworthy material discussed by the subgroups:



AOP AND IOP MEASUREMENTS BREAKOUT REPORT
Contributions from Arnone, Maritorena, McClain, Morel, Stramski, VossZamtveld

It is recommendedhat severalapparentandinherentoptical propertiesbe measuredn support
of currentandfuture calibration/validatioractivitiesandalgorithmdevelopmenandvalidation.
It is recommendedhatapparentindinherentoptical propertiesbe measuredn the 300-900nm
range with the highest possible spectral resolution to take advantage of:

* the better separability of absorption components in the UV,
» the use of NIR in coastal waters; and
* to support advanced atmospheric correction schemes.

It is also recommendedhat vertical profiles are measuredrather than just sub-surface
measurementgrotocolsfor someof the AOP andIOP measurementseedto be documentear
updated.This mostly concernsaacdmmeasurementwith the new ultrapathcapillary waveguide
technique(Miller et al., 2002) andbackscatteringneasurementst is stronglysuggestedhata
workshopto look into acdommeasuremenprotocols(waveguide,spectrophotometryand
fluorescencepndassociatedssuegsensitivityin oligotrophicwaters,derivationof slopes etc)
be organizedin the nearfuture. It is alsotimely to organizea workshopon backscattering
instrumentsandmeasuremerprotocols.lt would alsobe of majorinterestto look into VSF and
PSD measurementsluring such a workshop. Operationaldefinitions of the component
absorptiontermsand backscatteringhouldbe revisitedto take into accountthe fact that the
filtering techniquednvolved in thesedeterminationsare not fully consisten{the ~0.7to ~0.2
micron fraction is not accounted for).

Data submitted to SeaBASS must contain metadata that would allow reprocessing.

When possible,it is alsoimportantthat the local spatialand temporalvariability of a fixed
station is assessed using gliders or by the tow-yo technique.

RecommendetOPsand AOPsto be measuredrelisted below. It is highly recommendedhat
as many as possible of the properties listed below are measured together.

* AOPs

Lu, Ed, Es, Eu, Kd, KPAR. KPAR canbe obtainedwith eithera PAR sensorwith a cosine
collector or by integratingthe Ed spectraif the spectralresolutionof the measurements
sufficient. It is recommendedhat both approachese employedsimultaneouslyso that one
forms a check on the other.

Theupwardspectraradiancalistributionis alsorequiredto addres8RDF issuesandto validate
existing BRDF correction schemes(Morel et al., 2002). Becauseof the technical and
instrumentadifficulties associateavith thesemeasurements, is acknowledgedhatat this point
only afew investigatorswill be ableto makethesemeasurementsTheinvestigatordhavingthe
most completeexpertise(e.g. Voss & Chapin, 2005) on the subjectshould continuetheir
measurementand work toward validatinga BRDF correctionprocedurethat can be usedby
other investigators.



 |OPs

IOP Instrument/method Issues - comments

a total AC-9 » Calibrations
AC-S » Post-processing information (Salinity,
Spectrophotometry temperature, corrections, volume filtere
Integrating cavity must be in SeaBASS metadata

» Vertical distribution (spectrophotometry
covers the whole wavelength range fro
UV to NIR but samples at discrete
depths. AC-9 like instruments do not
cover the whole spectral range but mak
complete vertical profiles).

ap, aphy, ad AC-9 (w/ filter) » Methods forad: Kishino et al., (1985),
AC-S (w/ filter) Tassan & Ferrari (1995) and spectral
Spectrophotometry decomposition.

Integrating cavity » Beta value or correction scheme, filtere

volume must be in SeaBASS metadata

acdom Fluorometry e Calibration.

Capillary waveguide * Protocaols.

Spectrophotometry » Sensitivity in oligotrophic waters

AC-9 (w/ filter) e Pure water

AC-S (w/ filter) » Slope calculation, zero value, how far i

Integrating cavity the UV.

b AC-9 (w/ filter) » Calibrations
AC-S (w/ filter) * It isrecommendedhat VSF and/orPSD
Transmissometer is also measured withor bb.

» Pathlengths

» Post-processing information (Salinity,
temperature, corrections, volume filtere
must be in SeaBASS metadata

bb Hydroscat * Method forbb: Balch et al. (2004)
ECoVSF » Calibrations
VST (?) e It isrecommendedhat VSF and/orPSD
B. Balch's method is also measured withor bb.

LISST » Spectral characteristics, measurement
angle(s) should be specified.

* When reporting c-meter data one shou
always report the aperture of the
instrument. For example the LISST an
the c-star have very different apertures
and will give different results.

C AC-9 » Calibrations
AC-S * Path-lengths

Transmissometer




PRIMARY PRODUCTION BREAKOUT REPORT
Contributions from Balch, Behrenfeld, Chavez, Letelier and Mitchell.

Centralpoints of the PP breakoutgroup revolvedaroundalternativeapproacheso modeling
productionand how thesedifferent approachegive rise to somecommonand somedivergent
observationatequirements.The two fundamentabpproachesliscussednvolve the description
of productivity asa functionof (1) carbonandgrowthrateand(2) chlorophyllor absorbedight

and light utilization efficiency. These relationships are:

PP = phytoplankton carbon biomass * growth rate. (2)
or
PP = absorbed light * light utilization efficiency (2)

In both cases,PP = standingstock * rate. Improvementsin either approachwill require
information on, or observations of:

* Mixed layer light levels,which are a function of the physiologicalmixing depth,spectral
downwelling sunlight, and spectral attenuation,

* Phytoplankton absorption,

e Temperature, and

* Nutricline depth,which is helpful for describingchangesn photosyntheticefficiencies,
subsurface structure of phytoplankton pigment and biomass, and export or ‘new’ production.

Field observationshouldaim to measurall of the abovepropertiessimultaneouslhyandshould
obviously be accompaniedy measurementsf carbonfixation (**C). It is alsorecommended
that consideration/measuremersisouldbe given/madeof the photosynthetieenergyinvested
into calcium carbonatestructures- which influence 14C measurementand are an important
factor in carbon export from the photic zone to depth.

Solarsimulatedfluorescencer variablefluorescenceneasurementserealsorecommendeth
supportof developingproductivity algorithmsand for understandingbservedphysiological
variability. It is notrecommendedhat suchmeasurementse usedin a quantitativemannerto
estimatephotosynthetigperformancebut ratherasanindexfor identifying regionaldifferences
in nutrient constraints.

ThetraditionalapproacHor estimatingproductivityis describedcaboveby (2) (e.g.,Morel 1991,
Longhurstet al. 1995, Balch et al. 1992, Behrenfeld& Falkowski1997). The carbon-based
approach1) is a newalternativethatwill benefitfrom anexpandeduiteof observationgor its
development. The basisof this approachinvolves estimatingphytoplanktoncarbonbiomass
from measuresf light scatterand growth ratesfrom carbon: chlorophyll ratios (Chl:C)
(Behrenfeldet al. 2005). In thefield, phytoplanktoncarbonis perhapsestrelatedto particulate
beamattenuationcoefficients(c,) andit is recommendedhat measurementsf c, following
well-definedprotocolsbe considered standarccomponenof field productivity studiesanddata
bases.For satelliteremotesensing particulatebackscattecoefficients(byg) will needto replace
C, astheindexof phytoplanktoncarbon. Accordingly, b,, measurementshouldalsobecomea
standardfield measuremenand integratedinto productivity databases.Only recently have



sensordor measuringop, becomeeasily available. Protocolsfor collecting accurateb,, data
must be developedas soonas possible,particularly continuousmeasurementsonductedon
surfaceflow-through systemsas suchtechniquesare lesswell developedthan protocolsfor
vertical profile measurements.

The relationshipbetweenby, and phytoplanktoncarbonis not a universalconstantand is
influencedby the shapeof the particle size distribution and the contribution of scattering
componentshatdo not covarywith phytoplanktorbiomass. Thus, it is recommendedhatfield
productivity studies supporting satellite carbon-basedalgorithm developmentinclude
measurementsf particle size distributionsand, to the degreepossible,observationghat help
resolvethe contribution of different light scatteringconstituents. Work is also neededon
developingnew approacheg$or measuringphytoplanktoncarbonbiomassin the field. Such
studiesmaybe basedon microscopicapproachegpticalapproachesr otherschemes.Routine
measurementef phytoplanktoncarbonmeasurementeaveeludedbiological oceanographers
for decades and support should be given for developing innovate new approaches.

Additional supportingmeasurementfr the carbonbasedapproachshouldinclude 14C-based
estimatesof productivity and, when possible, measurement®f chlorophyll per cell or
fluorescence per cell for specific phytoplankton groups from flow cytometric systems.

The secondcomponenbf the carbonbasedapproachs the estimationof phytoplanktongrowth
ratesfrom phytoplanktonChl:C. Two of the primary factorsinfluencing the relationship
betweenChl:C and growth rate are nutrient stressand photoacclimation. Accordingly, field
campaignsshouldconductmeasurement® assessheseimportantterms. Nutrient stressis a
difficult issueto resolve butinformationon typesof nutrientlimitation (e.g.,iron vs nitrogenvs
other)will be beneficial,aswell asbroaderproxiessuchasnutricline depth. Assessmentsf
photoacclimatiorstateswill requireaccuratecharacterizatiorof mixed layer light conditions,
thusmeasurementsf mixed layer depth,spectralattenuationandincidentirradiance. Clearly,
measurement®f phytoplanktongrowth ratesin the field are also neededand technique
developmenefforts are required. Approachego assessinghytoplanktongrowth ratesmay
include dilution experimentsor estimatesbasedon geneticapproachege.g., fraction of
populationat differentcell cyclesstates). Measurementef growthratesin thefield will alsobe
importantfor assessingnaximumpotentialgrowth ratesfor naturalphytoplanktorassemblages,
one of the important parameters in the carbon-based approach.

Finally, further analysesof historical laboratorystudy resultsand new laboratorystudiesare
neededo improveour understandingf variability in phytoplanktonChl:C ratiosandtheir link
to growth ratesand environmentalforcing factors(e.g., nutrients,light, temperature). Such
analysesshouldaim to understandhow suchrelationshipsvary betweentaxonomicgroupsas
well as within a given species.
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PARAMETERS FOR CHARACTERIZING STANDING STOCKS OF SEAWATER
CONSTITUENTS INCLUDING PARTICLE FUNCTIONAL TYPES

Contributions from Stramski and Moulin

Giventhe complexityandthe largeamountof parametersliscussedthe authorsdiscussedirst
theindividual parametersandthenthe statusof measuremertechniquesndprotocols.Belowis
presented, as given, the material discussed by the subgroup.

3.1. Standing Stock Parameters:

(1) Chlorophylla and Other Pigments

(2) DOC (Dissolved Organic Carbon)

(3) POC (Particulate Organic Carbon)

(4) PIC (Particulate Inorganic Carbon)

(5) TSM (Total Suspended Matter)

(6) PIM (Particulate Inorganic Matter defined as a non-combustible fraction of TSM)
(7) POM (Particulate Organic Matter derived as a difference TSM-PIM)
(8) DIC (Dissolved Inorganic Carbon) and Alkalinity

(9) Nutrients

(10) PSD (Particle Size Distribution)

(11) PFTs (Particle Functional Types)

With regard to this list of parameters we have two explanatory notes.

Note #1: We recommendo broadenthe conceptof PFTsfrom PhytoplanktonFunctional
Typesto ParticleFunctionalTypes. Theenhancedonceptof ParticleFunctionalTypesincludes
not only the PhytoplanktorFunctionalTypesbut alsoNon-PhytoplanktorParticle Types(such
asvariouskinds of non-living particletypes,heterotrophiamicroorganismsandviruses). The
various particle typesthat belongto both living and non-living categoriesplay distinctively
differentrolesin oceanbiogeochemistryandoptics,which includesdistinctively differentroles
in carboncycling andoceancolor signal. This is the primary reasonfor why a new paradigm
basedon a more detaileddescriptionof seawatercompositionin termsof various Particle
FunctionalTypes(ratherthanthe oversimplifiedtraditionaldescriptionin termsof afew broadly
or vaguelydefinedparticle categories)s neededo createadvancementandlong-termgrowth
opportunities in ocean color science and applications.

Note #2: CDOM is not on our list of parameterdecausehe currentproxy for CDOM
standing stock is the absorption coefficiagtom(! ), which is part of the 10P list.
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3.2. Status of Measurement Techniques and Protocols

Parameters 1 through 9

With regardto parametergl) through(9), the measurementechniquesare availableand have
beenusedfor a numberof years. The protocolsfor theseparameterfiavebeendescribedand
publishedin NASA TechnicalReports,JGOFSpublications,and/or journal articles. We
recommendevisiting andupdatingtheseprotocols,if warranted. We alsopoint out thatdetails

of methodologyfor measuringheseparametergandiffer betweenabsandinvestigators. For
example the treatmentof sampledor TSM and PIM may be differentandit is not necessarily
obviousor known which treatmentis best. Theseissuesmust be takeninto accountwhen
preparing revised or new protocols for the purposes of the OBB program at NASA. Nevertheless
we feel that a consensuson recommendingthe presentstate-of-the-artmethodologyfor
measuringhe parameterg¢l) through(9) canbereachedelatively easily. We shouldbe aware,
however thatthe techniquedor some,if notall of theseparametersrestill evolving andwill
likely improve with time, which will require revisiting and updating the protocols in the future.

Parameter 10 (PSD)

With regardto the Particle Size Distribution (PSD), the current statusof measurement
methodologyappearsto be much more complicated. Thereis no single methodor single
principle of measurementhat would allow sizing of marineparticlesover the entire rangeof
particlesizesthatare biogeochemicallyandoptically important,thatis from the orderof 10 nm

to the orderof 1 cm. Evenif we considera restrictedrangeof particlesizes,for examplefrom

~1 um to ~100 um, there existsa variety of measurementechniquesand thereis no well-
established consensus amongst scientists in terms of which technique provides best results.

Underthesecircumstancesur presenrecommendationwith regardto PSDmeasurementsiust
be naturallybasedon pragmaticandfeasibility criteria. As a short-termgoal (~3 - 5 years)we
recommendo focus our efforts on developingconsistentprotocolsfor sizing particleswith
severakypesof instrumentatiorthatarealreadyavailablecommerciallyandusedby a numberof
labs within our researchcommunity. We also recommenda workshopto examinePSD
measurementand methodswith thesedifferent instrumentsin conjunctionwith the use of
differentinstrumentation/method®r light scatteringmeasurementsThis recommendatioms
consistenwith that providedby the IOP/AOP subgroup. We alsosuggesthe developmenbf
guidelinesfor submittingthe PSDdatato the NASA database Because¢he PSDdataarescarce,

12



we feel thatit might be worth consideringthe possiblesubmissionand assemblyof historical
PSD data that are in possession of some investigators.

The instrumentatiorand methodologyfor particle sizing of particularinterestat this stageof
planningincludes:(i) the Beckman-CoulteParticle Counterwhich is a bench-topinstrument
utilizing the electricalresistanceof particlesasa principle for sizing, (ii) the SequoialLISST
instrumentwhich canbe operatedothin situ andasa bench-topnstrument. The principle for
sizingwith LISST is basedon theinversionof the optical scatteringforwarddiffraction pattern),
and (iii) particle imaging and sizing with FlowCam instrumentor with more traditional
microscopyanalysis. The particle size coveredby thesethreetechniquegsangesfrom aboutl
pm to hundredsof micrometerswith significantoverlapbetweerthetechniques.This sizerange
includesa major portion of biogeochemicallyand optically importantparticles,but not all. A
large portion of colloidal (submicron)particles(most abundantparticlesin the oceanwith
significant impact on biogeochemistryand optics) is not coveredby the three techniques
mentionedabove. We alsonotethat thesethreetechniquesare not particularlywell suitedfor
characterizingthe largestsuspendedarticles(flocs, aggregatesfecal pellets, marine snow
particlesfrom hundredsof micrometergo > 1 mm), which dominatesinking particulatematter
(albeitthereis a specialversionof LISST thatextendghe rangeof measuremerto largeflocs).
In addition,we do not suggesthatour near-termeffortson PSDmeasurementnddevelopment
of protocolsnecessarilype limited to the useof the threeinstrumentonly, thatis the Beckman-
Coulter,LISST, andFlowCam. The importantpoint of our recommendationms thatthesethree
typesof instrumentgepresentotally differentprinciplesfor particlesizing;i.e., electronicsizing
of individual particleswith Coulter, inversion of optical diffraction producedby the bulk
particulateassemblagevith LISST, and camera-basedmaging of individual particlesfor
subsequensizing analysiswith FlowCam. We feel thatit will be essentiako combinethese
different methodsof particlesizing to ensurethe bestpossibleresults. We are alsoawarethat
thereexistotherinstrumentghatusethesethreeprinciplesaswell asotherprinciplesfor particle
sizing but they are less commonly used by oceanographic community at the present time.

A commentis in order on particle sizing with commercialflow cytometers. In our
recommendatiomabove, we have not included commercial flow cytometersas a core
instrument/methofor PSDmeasurementsThis hasbeendoneby purposebecausehe principle
of particlesizingwith commercialflow cytometerds, in our opinion, not rigorousenough. The
commercialflow cytometersshould,however,play animportantrole in providing information
on abundanceof different particle (phytoplankton)functional types and their approximate
particle sizes(seebelow). On the otherhand,the custom-builtflow cytometeramay meetthe
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criteriaof scientificrigor for PSD measuremeniut this issuehasbeenbeyondthe scopeof our
discussion.

In the mid- andlong-term(>5-30years),the mostsignificantchallengesn PSD measurements
appearto existon both endsof the particlesize spectrumthatis within the submicrometesize
range(colloids) andwithin the largestsuspendegarticlesbeing> hundredsof micrometersan
size (particlessuchaslargeflocs, aggregatesfecal pellets,etc.). Very rare attemptsof PSD
measurementswithin the colloidal size rangeutilized electronmicroscopytechnique. The
studiesof largeparticleshavealsobeenrelativelyrareandtheytypically rely onthe useof large
custom-builtdevicesfor in situ particleimaging. At presentit would be prematureto suggest
includingthesetypesof measuremenis the NASA list of requiredor recommendegarameters.
Neverthelessve strongly emphasizehat the variability and the roles of thesesmallestand
largestparticlesin the overall particle sizedistributionin the oceanare poorly documentecgnd
understood. The colloids and marinesnow particleshaveimplicationsto oceanoptics,ocean
color, and biogeochemicaprocessesso an increasedasicresearchalong with engineering
efforts are neededto ensurea developmenbf capabilitiesfor characterizinghese"elusive”
groups of particles in the future.

Parameter 11 (i.e., the suite of yet undefined or poorly/incompletely defined parametersfor
characterizing PFTS)

The progressin measurementsind characterizatiorof Particle Functional Types (PFTs)
including PhytoplanktonFunctional Typesand Non-PhytoplanktorParticle Functional Types
hasgreatpotentialfor advancinghe oceancolor scienceandapplicationsgspeciallyin the mid-
to long term (> 5-30 years). At present,our measurementapabilitiesare limited mostly to
targetingthe bulk propertiesof the entireparticleassemblage,e., TSM, or the bulk propertiesof
broadly-definedparticle categoriessuch as phytoplankton,organic particles,and inorganic
particles,i.e., Chl a, POC,andPIM, respectively. The variousPFTsthatplay specificrolesin
biogeochemistryandopticstypically requiretediousmethodsof analysisof seawatesamplesor
are not amenableto direct measurementat all, so further advancementsn measurement
methodologiesare needed. Also, the conceptsand criteria for defining specific PFTsand
specificparameterdor quantifyingthe variousPFTsrequirefurther researchanddiscussiorno
achievea broaderconsensusvithin the sciencecommunity. We expectthat the reportthatis
now beingpreparediy the IOCCG Working Groupon PFTs(led by C. Moulin) will providea
usefulsynthesisof conceptgelatedto PhytoplanktorFunctionalTypes,measuremenmnethods
for characterizingor quantifying thesetypes, and the presentstatusof our capabilitiesfor
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retrieving informationaboutthesetypesfrom oceancolor. Non-phytoplanktorparticle types
will notbe addressed in the IOCCG report, however.

The PFTswill hopefullyremainto be anactiveareaof researchn the yearsto come. With the
growing basic knowledgeof PFT properties,the range of information on PFTs and the
methodologyof retrievingthis informationfrom oceancolor is expectedo evolve. With regard
to PhytoplanktorFunctionalTypesour presentecommendatiors to continuecollectingdataon
the suite of pigmentswith HPLC method. Thesepigmentdata can serveas a basisfor
determiningthe presencer dominanceof PhytoplanktorFunctionalTypes. At this time we do
not suggesthe submissiorof informationaboutPhytoplanktorFunctionalTypesderivedfrom
HPLC pigmentsto the NASA databaséecausehereis no unified or unambiguousnethodology
for convertingpigmentdatainto PFTs. The accesgto HPLC datathroughthe NASA database
will simply makeit possiblefor investigatorsto explore or use different methodsfor this
purpose.

We alsosuggestonsideringdataobtainedwith variousinstrumentatiorsuchasflow cytometer,
FlowCam,or microscopesisanimportantsourceof informationon PFTs,andpossiblyinitiating
the submissionof thesedatato the NASA database.We point out that suchdataare not yet
routinely collectedduring oceancolor-relatedexperiments.As an example the flow cytometry
datamay include information on the abundancef prokaryoticpicoplanktontypesand small
eukaryoticphytoplanktontypes. The FlowCamdatamay include imagesof many types of
individual particlespresenwithin thewatersample which canbe usedfor taxonomicanalysisof
phytoplanktonand microzooplankton,and possibly also for the estimationof non-living
particles. This methodcanpresentlyprovide useful particleimagesin the sizerangeabove~5
pm, so it coversthe nano-and microplanktonsize ranges. The guidelinesfor preparingflow
cytometry,FlowCam,or microscopydatasetsfor submissionto databaseandthe questionof
whetherthe NASA databasas appropriatefor archiving thesetypesof datadeservefurther
discussion. Someof thesedata(suchas microscopy-base@hytoplanktontaxonomy)may be
availablein limited amountswithin other databasesuchas JGOFS. Neverthelesst seems
worthwhile to considercreatinga "new home"for suchdatasetsandinitiating their storagein
someconsistenpre-definedformats,especiallythat thesedataare scarceand do not appearto
have been widely available to the science community at large.

With regardto non-phytoplanktomparticlefunctionaltypes(i.e., heterotrophiglankton,various

typesof non-living particlessuchasorganiccolloids, clay or silt-sizedminerals,organicdetritus
including small-sizedparticlesaswell aslargeflocs/aggregatestc.),we believethatsignificant
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researcleffortsover manyyearsto comeareneededieforewe will be ableto go beyonda few

bulk parametergroviding merely approximateinformation abouttheseparticlesin a very

generalsense.For example the bulk parameterd SM, POC,andPIM includedin our list (see
sectionl) canprovideapproximatanformationaboutthe contributionof organicandinorganic
particlesto the massconcentratiorof the total suspendegarticulatematter. We notethatthese
bulk parametersre not evensufficient to allow partitioning of organicparticulatematterinto

living and non-living fractions. At presentno reasonableapproachexiststo allow such
partitioning. Anotherexampleof a bulk proxy of non-phytoplanktorparticlesis the absorption
coefficientag(! ) commonlyreferredto asthe detrital absorptionwhich is now obtainablefrom

measurementsn particlesuponbleachingreatment. Thelimitation of the operationabefinition

of a4(! ) is thata greatvariety of particlescan contributeto a4(! ), suchasbacteriaand other
heterotrophimrganismsminerals,organicdetritus,andevensomecellular matterpresenwithin

phytoplanktoncells. In this particularexampleof aq4(! ), the broad rangeof particle types
contributingto ay(! ) but playingvery differentrolesin biogeochemistryandopticsis anobvious
limitation for the useof a4(! ) in oceancolor applications.We mustrealize,however thatin the
nearfuturewe will haveno choicebutto accepthelimitationsandto usethe combinationof the
bulk proxies(suchas TSM, POC, PIC, aq) as a sourceof approximateinformation on the
composition of particulate matter.

We believethata strongneedfor basicresearclon PFTs(includingboth phytoplanktorandnon-
phytoplanktonparticle functionaltypes)shouldbe recognizedat NASA andthe communityat
largeasavital componentaindprerequisitdor long-term(>10-30years)advancementsf ocean
color scienceand applications. It is obviousthat the performanceof any algorithmbasedon
oceancolor signal dependson natural variationsin the detailed compositionof optically
significantseawateconstituents.Thereis alreadyenoughscientificevidencedn our database®
saythatsurpassinghe presentimits of accuracyof oceancolor (in-water)algorithmsor creating
reasonablhaccuratealgorithmsfor new dataproductsis unlikely, if notimpossibleunlessbasic
researchpicks up a pacealonga new paradigmin which seawaterconsistsnot just of a few
broadly-definedconstituentcategoriesbut of a larger number(perhaps10-20) of cleverly-
defined constituents gachof which plays distinctive and different role in seawateroptics,
biogeochemistryand oceancolor. To supportthis statementwe can give just one example
relatedto our discussiorof particle functionaltypes. The present-daynodels,algorithms,and
methodsof datainterpretationn the areasof opticsandoceancolor treatnormally all particles
or all phytoplanktonspecies, or all non-phytoplanktorparticles as a single particulate
component Thisis abig problembecausasuchsingleparticulatecomponentonsistin reality of
a greatvariety of particletypes. As an example the non-phytoplanktorparticulatecomponent
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includesdifferent particle typessuchasviruses,bacteria,clay minerals,larger-sizedminerals,
and organicdetritusof varioussizesfrom tiny colloids to large flocs and aggregates.These
different particle typeshavenot only different function in biogeochemistryncluding carbon
cycling but, importantly, they also differ dramaticallyin termsof their optical propertiesand
their contributionsto oceancolor signal (e.g.,the optical cross-sectionsf particlesdiffer by
many ordersof magnitudeamongtheseparticle types). Therefore,evenrelatively small
variationsin the detailedcompositionof particulatematter(i.e., variationsin the proportionof
the abundancef variousparticletypes)canproducesizablevariationsin the IOPsof seawater
and oceancolor signal. This obviously hasimplicationsto oceancolor algorithmsandtheir
performance.

In conclusionwe think thatundertakinga dialoguebetweerthe variousfunding agenciegfrom
the US and abroad)andthe representativesf sciencecommunitywith a purposeof creating
specificinitiatives andincentivesfor basicresearclanddevelopmenbf new measurements
theseareaswith high potentialfor breakthroughadvancements oceancolor sciencein the
long-term(~20-30years)is highly desirable. Oneimportantobjectiveof thesenew research
initiatives would be to bring back a balancebetween:(i) applied-orientecefforts, (ii) basic
researchifocusedon short-termbenefits,and (iii) basicresearciocusedon producingmajoror
breakthrougradvancements thelong term. Whereaghe applied-orientecndnear-termbasic
researchactivitiesare, at presentsupportedand emphasized@omparativelystrongly,the long-
term orientedbasicresearchs largely neglectedand underminedgspeciallyin the US. This
doesnot seemlike a "healthy" conditionfor the oceancolor sciencein the long run, andthis is
why we have focused some of our considerations on this issue in this report.

Phytoplankton Carbon

Phytoplanktoncarbonis an important parameterthat is not currently observableor easily
derivable. At the meetingin Montrealtherewasa discussiorthat emphasized needto make
progresdn this area,indicatinga few possibleavenuedor this progress.W. Balch pointedout
thatthereexistsa traditionalmethodof convertingthe phytoplanktorcell size(morespecifically,
cell volume)to cellular carboncontent. This methodhasbeenproposedn 1960sandhasbeen
usedby oceanographersincethen,althoughnot often. In this methodthe cell sizeis typically
determinedrom microscopicanalysisof samplesandthenthe cellularcarbonis calculatedusing
a cell volume-to-carborconversionfactors. The traditional microscopicanalysisis tedious
becausat requiresidentifying and sizing of manyindividual cells. The newertechniquesof
particle imaging and analysis (for example, FlowCam) could improve this situation.
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Neverthelessthis traditionalmethodhasa major weaknesdecausef significantinterspecies
andintraspeciewvariability in the cell volume-to-carborconversiorfactors(Mullin etal. 1966;
Strathmanrl967;Moal etal. 1987;NagataandWatanabel990;Verity etal. 1992;Montagneset
al. 1994;Stramskil999). Theintraspecievariability is associateavith changesn physiological
statusof cells in responseto varying environmentalconditions (such as light, nutrients,
temperature).In practice the valuesof the conversiorfactorsmustbe determinedn advancean
laboratorystudieswith cultures,but thenin field applicationswe actuallyneverknow whether
thesefactorsareapplicableto cellsfrom a given seawatesample. The mainconsequencis that
the naturalvariability in the cell volume-to-carborronversiorfactorscanproducelargeerrorsin
the final estimatesof phytoplanktoncarbonobtainedwith this method. In our opinion, this
traditional method cannotbe recommendeds a reliable method supportingoceancolor
programs.

An alternativemethodologyfor determiningohytoplanktorcarbonwasindicatedby D. Stramski.
Thebasicprinciple of this methodologyrelieson therelationshipbetweerthe refractiveindex of
biological cells andthe intracellularcarbonconcentration. This relationshiphassolid basis,is
relatively robust,andis expectedo showonly weaksensitivityto interspeciesandintraspecies
variability. The proof-of-conceptstudy with two phytoplanktonspecieswas describedin
Stramski(1999)andfurther supportwasprovidedby a studyof severalspeciesn DuRandet al.
(2002). Whereaghis methodwasdemonstratedofar in lab experimentsisinginstrumentation
suchasspectrophotometeparticle counter,andflow cytometerthe developmenbf a similar
capabilityfor field applicationsseemdeasible. The main requiremenbf this methodis to be
able to measuresimultaneouslythe particle size and light scatteringpattern(possibly also
absorption)on individual particles. In principle,the informationfrom thesemeasurementsan
then be usedto determinethe cellular carboncontent(as well asthe cellular chlorophyll a
content)on a per particlebasis,andconsequentlyo determinethe phytoplanktorcarbonpool as
well asthe distribution of carbonamongdifferent particle types/phytoplanktomgroups. This
conceptrepresentsan example of novel researcharea that can lead to breakthrough
advancementwith largeimpacton oceancolor scienceandapplications. We alsonotethatthe
third possibleapproachfor estimatingphytoplanktoncarbonwasindicatedby M. Behrenfeld,
whichis addresseth the sectionof thereportpreparedy the PrimaryProductionsubgroup.In
conclusionwe recommenda continuationof this discussiorof the methodologiesor estimating
phytoplanktoncarbonandinvestmenof resources$o exploremorefull innovativeapproacheso
this fundamentalproblemin the oceanbiology and biogeochemistrysciences. This could
possibly involve creatinga working group of investigatorsto focus on this issueand to
coordinate relevant discussion.
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Table 2: Agenda

Supporting In Situ & Space Based Measurements Workshop
Delta Centre-Ville
777 University Street, Montréal, Quebec
October 6, 2006

14:10 Welcome. P. Bontempi

14:20 Opening Remarks and Goals. G. Fargion

14:40 AERONET & Upcoming Measurements Over the Oceans. A. Smirnov

14:45 Phytoplankton Functional Types. C. Moulin

15:05 Road Map for Integrating Ocean Color into Models. B. Arnone

15:25 European Ocean Color Climate Data Sets. A. Morel

15:50 Opendiscussionfocusingon scientific questions observationakequirementssatellite
missions and other)

18:30 Adjourn

October 7, 2006

7:30-on Breakfast (Victoria Room - on level C)

8:15 Opendiscussionfocusing on which in situ parameterspossibleranking as required,
recommended,

10:30 Break

13:30 Lunch at the Hotel restaurant

14:30Breakout groupdiscussionfocusingon feasibility/accuracyof the in situ measurement
methodsfor eachparameterithe time frame within which we can hopeto have "reliable"
measurements (immediate, short- mid- long-term) for the parameters.)

16:00 Group reporting & discussion

16:30 Closing comments. P. Bontempi

17:25 Adjournment
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